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FOREWORD

Sumary and Introduction

The purpose of this document is to depict the geometry of the
Apollo 8 trajectory as it might appear from the spacecraft commander's
window. In addition to depicting attitude orientations at TLI, LOI,
TEL and entry, detailed views of the earth and moon during the trans-
lunar and transearth coast phases are shown. The earth centered inertial
geometry of the trajectory is also depicted. The trajectory used for
this document assumes a December 21, 1968, launch date on a 72° azimuth,
first-opportunity injection.

G. B. Roush and M. Jenness are acknowledged for their support with
the visual computer program and the star-field chart, respectively.

The Apollo 8 Trajectory

As described in reference 1 the geometry of a lunar mission can be
difficult to visualize. This document is an attempt to provide additional
details to those in reference 1 to aid in visualizing the Apollo 8 mission.

As representation of the sun, earth, moon, and the outbound
Apollo 8 trajectory is shown in figure 13. As shown it is winter in the
northern hemisphere and the moon is below the solar plane at TLI.

An earth-centered inertial view of the sun, moon, and Apollo 8
trajectory are depicted in figure 1k. Views of the trajectory from the
earth's North pole and the vernal equinox are shown in figures 15(a) and
15(b). The solar and lunar orbit line of nodes are approximately
coincident for this year.

Views from the Spacecraft

The change in the size of the earth and moon on the translunar and
transearth coast trajectories are shown as seen from the spacecraft
against the star field in figure 16.

This figure provides an overall view of the Apocllo 8 mission as
seen by the crew.
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A more detailed representation of the trajectory is provided by the
remaining figures. It is noted that the three major maneuvers are made
with the crew in a heads-down attitude reletive to the earth or moon,
whichever is nearest. The spacecraft attitude at the beginning, middle,

and end of the TLI burn are shown in figure 1. The constellation Cygnus
is visible as noted.

Spacecraft window views of the earth and moon with a constant and
variable field-of-view are shown during translunar coast in figures 2, 3,
L, and 5.

The apparent motion of the earth terminator relative to the spacecraft
window is due to the assumed attitude of the spacecraft. This attitude
assumes the spacecraft is pitched down 90° from the local horizontal in
a plane defined by the radius vector to the spacecraft and the inertial
vector relative to the body being observed. As the spacecraft approaches
the moon the trajectory is "warped" by the moon and causes the effect

depicted. The crew will not necessarily have the spacecraft oriented
as stated previously.

Spacecraft windows views during L0I and TEI are shown in
figures 6 and 7. During LOI the constellations Orion and Cassiopeia are
visible. The sun and Venus are visible during TEI.

The earth and moon for a constant and variable field-of-view for the
fast return transearth coast are shown in figures 8 through 11.

Figures 12(a) through 12(r) depict the spacecraft prior to and
in including entry interface. The spacecraft is holding a constant
angle of 31.7° from the spacecraft X-axis to the horizon. It is of
interest to note the moon coming into view and then being occulted by the
earth during the 18 minutes shown in these figures.

A star catalogue (table I) identifies the stars appearing on all
figures.
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Planar views of the Apollo 8 mission

(a) View from north pole .
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Figure 4,- Continued.
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(f) Time from TLI cutoff = 30 hr.
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(j) Time from TLI cutoff = 55 hr.

Figure 4 .- Continued.
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(a) Time from TLI cutoff = 5 hr,

Figure 5.- Translunar coast (moon referenced) variable field of view,
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Figure 5.- Continued.
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RE= 84 345 n. mi.
Vi= 6270 fps

Field of view = 1 deg

------------------------
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(c) Time from TLI cutoff = 15 hr,

Figure 5.- Continued.
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Vi = 5494 fps
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(d) Time from TLI cutoff = 20 hr.

Figure 5.- Continued.
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Figure 5.- Continued,
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(9) Time from TLI cutoff = 35 hr.
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Field of view = 4 deg
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Field of view = 6 deg
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(&) Time from TLI cutoff = 55 hr.

Figure 5 .- Continued.
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Figure 5, Concluded,
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SEQ 4 5 22 31 41 47 63 73 75 80 108 111 112
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Y =22 <7 -8 -5 ~15 -4 =16 =9 ~-14 =19 -13 -5 -4
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Y -1 =4 =2 0 0 4 5 0 1 7 4 7
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Figure 6. - Lunar orbit insertion burn,
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(b) Middie of LO! burn.
Figure 6. - Continued.
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(c) End of LO! burn,
Figure 6. - Concluded.
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Figure 7. - Continued.
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(c) End of TEI burn.
Figure 7. - Concluded.
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(a) Time from TE! cutoff=1 hr.’

'Figure 8.- Transearth coast (moon referenced) constant field of view,
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(b) Time from TEI cutoff = 2 hr.

Figure 8.- Continued.
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(c) Time from TEI cutoff = 5 hr.

Figure 8 .- Continued.
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(d) Time from TEl cutoff = 7 hr.
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Figure 8.- Continued.
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Figure 8 .~ Continued.
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(h) Time from TEI cutoff = 25 hr.

Figure 8.~ Continued.
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Rg =129 159 n. mi.
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(i) Time from TEI cutoff = 30 hr.

Figure 8 .- Continued,
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Figure 8 ,~ Continued.
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(k) Time from TEI cutoff = 40 hr.

Figure 8,- Continued.
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Figure 8.- Concluded.
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Field of view= 8 deg Vi =4 986 n. mi.

(a) Time from TE[ cutoff= 5 hr,

Figure 9.- Transearth coast (moon referenced) variable field of view.
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Field of view = 4 deg V.=4 841 fps
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(b) Time from TEI cutoff = 10 he.

Figure 9.~ Continued.

pu ‘A




Y, nd

Field of view = 3 deg

80

RE= 170 190 n. mi,
V.= 4300 fps

......... —~— ¥ VT I L s e e et e e e e Bt i 2 e SN SRS T R
b 4
S 4
S E
b E
b 4
b 4
b p
b E
b 4
b 4
[ ]
4
<
p
S { <
-~
s ] =
Q
S
3
S
L
b
L
9 4
L k
S 4
L 1
S S SN S s aoa s B L S S S S O S N O VA S S S S S S

(c) Time from TEl cutoff = 15 hr,

Figure 9.~ Continued,




81

157 309 n, mi.

T T T T T T T T Y

V.=4 532 fps

Re

Field of view = 2 deg

LN S S S S B S S S S S S S e S S U AN M Snt S M Sets S e e e SEu S S S SN S Sut ASE s Baet SEE SN SE San g

.......................

X, nd
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RE-"'- 129 159 n, mi.

Y, nd

Vi =5175 fps

..............

(f) Time from TEI cutoff = 30 hr,

Figure 9,~ Continued,
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113 485 n, mi.,
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(g) Time from TE! cutoff = 35 hr,

Figure 9.~ Continued.
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(h) Time from TEI cutoff = 40 hr.
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(i) Time from TEI cutoff = 45 hr,

Figure 9. - Continued.
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(j) Time from TE! cutoff = 50 hr.

Figure 9.~ Continued.
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(k) Time from TEI cutoff = 55 hr,

Figure 9.~ Concluded,
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(a) Time from TE! cutoff = 1 hr.

Figure 10.- Transearth coast {earth referenced) constant fieid of view.
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RM = 30 610 n, mi.,

X «17 .is .= 4841 fps
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(d) Time from TEIl cutoff = 10 hr.

Figure 10.- Continued.
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(e) Time from TEI cutoff = 15 hr.
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sEQ 515 535 RE= 143 690 n, mi,
} -l9 -8 -
Y 19 2 Vi" 4819 fps
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(g) Time from TEI cutoff = 25 hr.

Figure 10.- Continued.
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RE= 129159 n. mi.

V=5 175 fps

(h) Time from TEI cutoff = 30 hr.

Figure 10.- Continued.
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Figure 10. - Continued.

pu ‘A



Y, nd

98

. R. =96 323 n. mi.
SEQ 535 570 E

X -18  -b Vi=6238fps
Y 9 =23

(j) Time from TEI cutoff = 40 hr.

Figure 10.- Continued.
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Figure 10.- Continued.
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SEQ 551 6866 570 595 R.=25412n, mi.
X 19 23 -8 11 E
Y 7 -3 14 =21 Vi=13 156 fps
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(m) Time from TE! cutoff = 55 hr.
Figure 10.- Concluded.
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RM= 3 931 n. mi.
Field of view = 4 deg Vi = 5985 fps
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Figure 11, - Transearth coast (earth referenced) variable field of view,
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RM= 7 128 n. mi.

Field of view = 4 deg ’Vi = 5414 fps
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(b) Time from TEl cutoff = 2 hr,

Figure 11. - continued .
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Field of view = 4 deg
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RM= 16 156 n. mi.
Vi = 4990 fps
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(c) Time from TEI cutoff = 5 hr,
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RM= 30 610 n. mi.

Vi = 4 841 fps
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(d) Time from TE!l cutoff= 10 hr.
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(e) Time from TEI cutoff = 20 hr,

Figure 11.- Continued.
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Rg = 96 323 n. mi.

Field of view = 4 deg V.= 6 238 fps

X, nd

(g9) Time from TE| cutoff = 40 hr,

Figure 11, - Continued.
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(h) Time from TE! cutoff = 50 hr.
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RE=32 229 n, mi,
Field of view = 20 deg Vi =11 598 fps
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(b} 1 6 minutes prior to entry.
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Figure 12.- Continued.
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(e) 13 minutes prior to entry.
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Figure 16.- Transtunar and transearth star field.
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